The objectives of this study were to determine the effect of pod and seed development on leaf chlorophyll concentration, and on activities of leaf ribulose bisphosphate carboxylase, leaf nitrate reductase, and root nodule acetylene reduction in field-grown soybean (Glycine max [L.] Merr. (7, 10, 20) . Changes in the seasonal patterns of assimilation of soil nitrate and atmospheric nitrogen have also been associated with the transition in soybean from vegetative to reproductive development. The assimilation of soil nitrate via leaf NR2 activity
Merr.). Two genetic male-sterile lines and their fertile counterparts (Williams and
The expression of male-sterile character was nearly complete as very little outcrossing due to insect pollinators was observed. Male-sterile plants showed a delayed late season decline in leaf chlorophyll content and ribulose bisphosphate carboxylase activity when compared with fertile plants. A slight delay in the loss of in vivo leaf nitrate reductase activity was also observed for male-sterile plants. Root nodule fresh weight and acetylene reduction activity declined slightly more rapidly for fertile lines than for male-sterile lines in both years with differences significant on the last two to three sampling dates as leaf loss occurred in the control plants.
Seed development was found to increase slightly, the rate of decline of metabolic activity in fertile lines compared with that of male-sterile lines.
However, pod development was not an a priori requirement for leaf and root nodule senescence. Male-sterile plants also lost photosynthetic and nitrogen metabolic competence, but at a slower rate. These results support the concept that pod and seed development does not signal monocarpic senescence per se but rather affects the rate at which senescence occurs after flowering.
On a seasonal basis, canopy photosynthetic rates for fieldgrown soybean (Glycine max [L.] Merr.) have been observed to be at maximum during flowering and beginning seed development. Subsequently, during the later stages of podfill, photosynthetic rate declines as monocarpic senescence progresses (7, 10, 20) . Changes in the seasonal patterns of assimilation of soil nitrate and atmospheric nitrogen have also been associated with the transition in soybean from vegetative to reproductive development. The assimilation of soil nitrate via leaf NR2 activity ' reaches a maximum at full flower before declining as seed development begins (8, 9, 21, 24) . In contrast, the nitrogenasecatalyzed reduction of atmospheric nitrogen becomes the primary nitrogen source during seed development. In soybean, maximum levels of root nodule AR activity have been reported to occur during early to mid-podfill followed by decline as podfill proceeds (8, 12, 13, 21, 24) .
In addition to sink competition between root nodules and developing seeds, decreases in the photosynthetic capacity of the leaf canopy also contribute to the late season loss of root nodule AR activity as leaves complete monocarpic senescence. During the period subsequent to mid-podfill, a decline in soluble leaf protein and Chl content was reported for soybean (24) . The loss of foliar protein during late podfill places restrictions on photosynthetic potential since RUBP carboxylase constitutes 40% (28) to 50% (19) of total foliar protein. During seed development, demands for nitrogen must also be met. As seed development progresses, it has been suggested that soybean leaves 'selfdestruct' as nitrogen is removed from foliar proteins which are essential to the maintenance of photosynthesis (23) .
Nooden (18) suggested that seed development was separable from monocarpic senescence and that the signal for senescence initiated at or before flowering. Other researchers have also concluded that monocarpic senescence is initiated before podfill in soybean (4, 5, 30, 31) . Stomatal closure has also been associated with decline in photosynthesis during functional senescence (25, 27, 28) . Though decreased conductance contributes to decline in photosynthetic rate, the loss of leaf RUBP carboxylase has been identified as primary in the initiation of irreversible functional senescence (28) . Total leaf protein content has been reported to be retained late season in depodded plants relative to controls (28) . However, RUBP carboxylase levels have been shown to decline while other proteins increase so that the total protein content is unchanged. Leaf function therefore changes in depodded plants from that of source to sink, explaining their decline in photosynthesis despite the retention of green leaves late in the season (28) . This conclusion is supported by additional work with depodded and with male-sterile soybean (10, 27) .
Male-sterile soybean plants were also found to retain green leaf color beyond the time of leaf loss in their seed-bearing controls (4, 10, 26) . However, photosynthesis declined more rapidly for sterile than for fertile plants after flowering until leveling off to maintain low levels of activity while control activity continued decline (10) . Wilson et al. (26) reported that root nodule AR activity declined late season at an equivalent rate for male-sterile and for fertile control plants. Similarly, Crafts-Brandner et al. (6) reported an equivalent decline in nodule AR activity for depodded and control plants. (Tables III-V) . Earlier reports demonstrated a positive correlation between leaf RUBP carboxylase activity and the rate of apparent photosynthesis of leaves (1, 3, 25, 27) . In the context of the present study, the maintenance of measurable levels of Chl and RUBP carboxylase activity for male-sterile plants implies a retention of the potential for at least a low level of carbon assimilatory activity by the male-sterile population. Huber et al. (10) (15) observed the retention of RUBP carboxylase activity for the leaves ofdepodded soybean but were unable to detect late season photosynthetic activity by these plants through IR gas analysis. Crafts-Brandner et al. (6) also reported a slowed loss of RUBP carboxylase activity and Chl concentration in depodded soybean. They reported equivalent total dry weight accumulation by control and seed-bearing plants implying comparable decline in photosynthesis at season's end (5) . Others working with depodded soybean have also reported late season decline in photosynthesis to be equivalent to or more rapid than that of controls (27, 28 significant difference in loss of nodule AR activity between a male-sterile line relative to its fertile control. In the present experiment, four isoline pairs were evaluated with this difference becoming significant only on the last two to three sampling dates as leaf loss was occurring in the fertile plants evaluated.
In the present study, male-sterile character resulted in a delayed loss of leaf Chl concentration and of RUBP carboxylase activity. Male-sterile lines also exhibited a slight delay in the loss of in vivo leaf NR activity, root-nodule fresh weight, and root nodule activity on the last two to three sampling dates, relative to their fertile controls. These relationships were not a priori then, as male sterile plants also lost photosynthetic and nitrogen metabolic competence but at a somewhat slower rate than their fertile counterparts.
